Objective. This study was to investigate the features of renal carcinomas associated with Xp11.2 translocations/TFE3 gene fusions (Xp11.2-RCC) on conventional ultrasound (US) and contrast-enhanced ultrasound (CEUS). Methods. US and CEUS features of twenty-two cases with histopathologically proven Xp11.2-RCC were retrospectively reviewed. Results. 22 patients (11 males, 11 females) were included in this study, with a mean age of 28.3 ± 20.4 years. Eight tumors (36.3%, 8/22) were in left kidney, and 14 tumors (63.7%, 14/22) were in right kidney. All tumors (100%, 22/22) were mixed echogenicity type. 13 tumors (59.1%, 13/22) presented small dotted calcifications. The boundary of 14 tumors (63.6%, 14/22) was sharp and the other 8 tumors' (36.4%, 8/22) boundary was blurry. By CEUS, in early phase, the solid element of all tumors showed obvious enhancement. In delayed phase, 13 tumors showed hypoenhancement, seven tumors showed isoenhancement, and 2 tumors showed hyperenhancement. There were irregular nonenhancement areas in all tumors inside. Conclusions. By US and CEUS, when children and adolescents were found to have hyperechoic mixed tumor in kidney with sharp margin and calcification, and the tumors showed obvious enhancement and hypoenhancement with irregular nonenhancement areas in the tumor in early phase and delayed phase, respectively, Xp11.2-RCC should be suspected.
Introduction
Renal cell carcinoma associated with Xp11.2 translocation/TFE 3 gene fusion (Xp11.2-RCC) is a rare subtype of RCC that is now accepted as a distinct entity according to the 2016 World Health Organization renal tumor classification [1] . In the clinical works, cases of Xp11.2-RCC were found by postoperation of pathology, confirmed now and then. In the literatures, the medical imaging of Xp11.2-RCC was converged by computer tomography (CT) or magnetic resonance imaging (MRI) [2] [3] [4] [5] . Xp11.2-RCC is typically presented as asymptomatic, painless renal mass and is often identified accidentally by abdominal imaging [6] . Ultrasound is the most widely used in abdominal examination because it is cheap and convenient with no radiation exposure. But few cases had been diagnosed by US and CEUS in the literatures. Are there any features of Xp11.2-RCC by US and CEUS? We designed this retrospective study to answer the question.
Materials and Methods

Patient Data.
This study was conducted in accordance with the declaration of Helsinki. This study was conducted with approval from the Ethics Committee of West China Hospital, Sichuan University. We retrospectively reviewed the results of US and CEUS examination of 22 patients (11 males, suspension (2.4 mL) was administered as a bolus injection through the antecubital vein, followed by a flush with 5 mL saline solution. Each study involved active monitoring of the lesion of interest and surrounding areas in the early phase (range, 0 s to 30 s), late phase (range, 60 s to 120 s), and delayed phase (>120 s).
Image Analysis.
The location, size, shape, boundary, and inner echogenicity of the lesions were observed and recorded by US. The origins of the tumors were evaluated whether they possibly originated from the renal cortex or renal medullary tissue or are indistinct. By CDFI and PW mode, the blood flow was observed and recorded. The renal veins of affected side were evaluated whether there is embolism, even with inferior vena cava (IVC). The enhancement pattern and enhancement level in different phases of CEUS imaging were reviewed. The degree of enhancement was divided into nonenhancement, hypoenhancement, isoenhancement, and hyperenhancement, according to the enhancement level of the lesion compared with that of the surrounding normal renal parenchyma. Contrast enhancement patterns were recorded by two physicians (Cai DM, Ling WW).
Contrast Media & Molecular Imaging (Figure 1 ). Thrombosis was found in the left renal vein in only one case (4.5%, 1/22).
Results
US
CEUS Findings. 22 tumors were all detected on CEUS.
In early phase (range, 0 s to 30 s), the solid element of the tumors showed obvious enhancement compared to the renal parenchyma. In the late phase (range, 60 s to 120 s), 7 tumors of solid element showed hyperenhancement, 8 tumors showed isoenhancement, and 7 tumors showed hypoenhancement. In delayed phase (>120 s), 13 tumors showed hypoenhancement, 7 tumors showed isoenhancement, and 2 tumors showed hyperenhancement. Irregular areas with no-enhancement and the washout of contrast agents were found in each tumor (Figure 2 ).
Pathological Findings.
The histopathologic appearance was that the tumor cells were polygonal of a papillary carcinoma with clear cells and cells with granular eosinophilic cytoplasm. These cells displayed nuclear immunoreactivity for TFE3 protein in all 22 cases, which supported the diagnosis of Xp11.2-RCC ( Figure 3 ). To avoid the misdiagnosis, FISH assays were implemented in the tumors. The signals of tumors were split by FISH assays, and all tumors showed positive results.
Discussion
Xp11.2-RCC is a rare subtype of RCC that usually affects children and adolescents in reports [1, [7] [8] [9] . In our study, 14 patients (63.6%) were younger than 30 years old. It was consistent with previous reports [10] . In our study, the ratio of males to females was 1 : 1 (11 : 11), consistent with the previous report of no gender difference [11] , different from the male predominance reported by Dang et al. [12] . The clinical symptoms of these carcinomas are not clear yet. In our study, the symptoms in 31.8% (7/12) of the patients were nonspecific, and the other 68.2% (15/22) were detected incidentally. Adult-onset Xp11.2-RCC, unlike those with onset during childhood, demonstrated more aggressive clinical courses [13] [14] [15] . In our study, 11 cases (50%) were over 20 years old. One adult-onset patient was 61 years old with left renal vein thrombus. A 15-year-old patient, loss of consciousness, was admitted to our emergency department 1 month after nephrectomy. This patient was diagnosed with metastatic renal tumor of spinal canal by CT. And the patient refused further treatment and his prognosis was misadventure.
To date, the imaging features of Xp11.2-RCC by ultrasonography have not been reported and few studies reported its CT or MRI features. Because these tumor cases are very few around the world, we retrospectively analyzed the imaging features by US of Xp11.2-RCC using a relatively large sample. These merits helped to reveal the general imaging features. (1) The tumor may be originated from the proximal or distal nephron. In our study, 13 tumors (59.1%, 13/22) (diameter ⩽ 5 cm) were found in the renal proximal. When it is large, the neoplasm invaded the surrounding tissue and bulged with kidney contours. And this imaging feature was different from the clear cell renal cell carcinoma (CCRCC) which is the most common malignancy in kidney. It is well known that CCRCC originated from the renal cortex tissue. And this character may be a criterion in differential diagnosis between the two tumors by US. (2) Xp11.2-RCC may be cysticsolid mixed mass, with irregular solid and liquid interphase component in the tumor. And in our study, 14 tumors (63.7%, 14/22) were of solid-cyst mixed type, 5 tumors (22.7%, 5/22) were solid, and 3 tumors (13.6%, 3/22) were multilocular cysts where some nodules were found at the internal face of cysts by US. This feature was related to the tumor pathological change, with hemorrhage, necrosis, or cystic changes inside the tumor [16, 17] . (3) Calcification may be found in the internal tumor of Xp11.2-RCC. In our study, punctate calcification was found in 13 internal tumors (59.1%, 13/22). The calcifications were confirmed by pathology. In them, two tumors were spot calcification and the others were irregular. Calcification cannot diagnose the rare malignancy directly, but in the type of RCC, calcification could be found [3] . Because of the pseudocapsule, the tumor's margin was sharp. This was consistent with the literature reported previously in that the pseudocapsules were found in tumor with fibrous connective tissue by pathology [18] .
This study had several limitations. Because Xp11.2-RCC is an uncommon RCC subtype, small sample size will lead to selection bias.
As concluded by US, when children and adolescents were found to have hyperechoic mixed tumor in kidney, with sharp margin, close relation with renal medulla, rich CDFI signal, calcification, and Xp11.2-RCC should be suspected. By CEUS, in the early phase when the tumors showed obvious enhancement and in delayed phase when tumors showed hypoenhancement with irregular areas inside the tumor with nonenhancement, Xp11.2-RCC should be suspected.
